Congenital toxoplasmosis is a protozootic disease with a worldwide distribution. The clinical manifestations can vary in severity and it affects several fetal tissues when the woman becomes infected during the gestational period. To identify the main neurological manifestations in congenital toxoplasmosis, an integrative review of the
Introduction
Toxoplasmosis is a zoonosis in which evolutionary infectious forms of the protozoan Toxoplasma gondii can be transmitted by oral or congenital via. Most of cases, this infection is asymptomatic in humans, although, when acquired during pregnancy it can cause severe and irreversible damage to the foetus [1] .
The infection at the second or third gestational trimester can result in the Sabin`s tetrad, with microcephaly, retinochoroiditis, cerebral calcifications and mental disorder and, the earlier contact with T. gondii, the fetal death is common [2] .
Nowadays, the possibility of neurodevelopmental diseases and mental disorders associated to toxoplasmosis has been investigated, as reported in an investigation with 3440 participants, that toxoplasmosis increase in 4.86 fold the chances of patients develop autism. Other disorders with T. gondii infection correlation were schizophrenia (OR=3.34), attention deficit and hyperactivity (OR=3.02), Asperger syndrome (OR=2.49), antisocial personality (OR=1.81), obsessive compulsive (OR=1.69), and anxiety (OR=1.57) [3] .
The burden of congenital and ocular toxoplasmosis are specially reported in Brazil, were the infection in humans and animals are widely prevalent and the severity of clinical presentations are higher than in other countries [4] . Accordingly, the lessons from brazilian research groups has provide data to understand the disease in the rest of the world [5] .
The variety of direct and indirect burdens of T. gondii infection during pregnancy has motivated this study in order to compile the scientific literature on the major neurological manifestations in the people with congenital toxoplasmosis.
Methods
The scientific literature was integrative reviewed to report on a compiled structure the major neurological manifestations caused by congenital toxoplasmosis.
The present study was elaborated according to the sequential problem design pathways: establishment of the review theme as a question; sampling; definition of inclusion and exclusion criteria; tabulation of the studies (identification of information's to be collected from studies using defined criteria and guided by instrument); analysis of the results, with identification and interpretation of conflicts and similarities and finally discussion of results and conclusion [6] .
The review theme was elaborate on the question: "What are the major neurological effects caused by toxoplasmosis reported in the literature?" according the Population, Intervention, Comparison and Outcomes (PICO) strategy [7] . 
Results
This integrative review selected five published articles, all extracted from PubMed database, homogenous temporal distributed in 2010, 2012, 2013 and 2017.
To organize the information during the data extraction, a table was created with the publication year, first author, title, aim, study design and major results of each article ( Table 1 ).
The association of congenital toxoplasmosis with visual and hearing impairment was reported by two and one publishes studies, respectively. The influence of T. gondii metabolic products at central nervous system as causative of seizures and Alzheimer's disease protector were demonstrated through experimental researches with murine models, by other two publications.
Discussion
The integrative literature review allows searching, criticizing and synthesising knowledge in order to expand it, directed by evidence-based knowledge. Through that methodology, it is possible to gather the considerations reported by multiple studies on a specific topic (Mendes; Silveira; Galvão, 2008). In this research it was related five studies, all of them published in different years. It has shown that the approach of neurological manifestations of congenital toxoplamosis during these years had no particular preferences on some specific path of viewing (Table 1 ). In the first article, published in 2010, it was reported the ocular manifestations evidenced between the years 2000 to 2004, the first ophthalmological examination performed in 44 children up to 12 months with congenital toxoplasmosis, living in different regions of the state of Rio Grande do Sul [8] .
In the second report on ocular manifestations due to congenital toxoplasmosis, which has published in 2017, the occurrence of toxoplasmosis associated with visual impairment was reported in eight patients, attended between 2012 and 2013, for the first ophthalmic evaluation at a hospital in Turkey [9] .
The studies diverged on the mean age of the patients with congenital toxoplasmosis to the first medical ophthalmologic evaluation, which in Brazil occurred with 4.2 months, while in Turkey, it was 25 years. It also demonstrated low variability be- tween the frequencies of Brazilian (70.4%) and Turkish (75.0%) patients; however, the occurrence of retinocoroiditis was 5.9 times higher in children than in adults. In addition, in 22/44 (50.0%) of the children other alterations such as cataract, microphthalmia, nystagmus and strabismus were found.
The differences reported between the articles may be associated to T. gondii predominant genotype in animals and humans in Brazil that presents higher virulence compared to the genotypes in other countries. The Brazilian genotype was incriminated as responsible for neurological issues such as hydrocephalus, microcephaly, and mental retardation in 35% of children who acquired congenital toxoplasmosis, and also for ocular and hearing impairment in 80% and 40% of them, respectively.
Through the interpretation of the results pioneer reported by Brazilian researches, it was possible to elucidate the association of the severity and development of the disease with de parasite's genotype, as well as ocular manifestations in postnatal infections, the influence of the immune responses on the pathogenesis, the development of lesions in the retina before the retinochoroiditis and adoption of medicamental prophylaxis in recurrent lesions. Despite the difference in the presentation of ocular toxoplasmosis in Brazil, there are no reasons to differentiate the bases of the disease among the countries [5] .
Hearing impairment was the aim of the third article selected through this integrative literature review. Clinical and histopathological findings were observed in temporal bones of 3/9 (37.5%) newborns that came to death for congenital toxoplasmosis in Costa Rica with T. gondii cysts in brain tissue. The cystic form of the parasite does not develop typical formation of necrotic tissue, was located in the temporal bone of two individuals and, in the internal auditory canal, the tachyzoite was associated with inflammatory cells [10] .
From these data, the hearing impairment associated to congenital toxoplasmosis was suggested as a product of postnatal tissue inflammation. It was confirmed in a study which hearing impaired were reported in 28% of children who were not treated or who received limited treatment. However, the number of deaf children was reduce to zero when antiparasitic therapy was introduce before 2.5 months of age and maintained for 12 months, which demonstrates the importance of early therapeutic strategies to promote the earlier clinical resolution of the deafness in the postnatal infections [11] .
Other relevant aspects are neurological manifestations in chronic toxoplasmosis, which involves neurodevelopmental diseases such as autism, in response to persistent neuro inflammation, Down syndrome and Alzheimer's disease in response to neurodegeneration [1] . Neuropathy cases were covered by this integrative literature review in two articles in which were discussed the experimental inoculation of T. gondii in murine model, the first article focus on Alzheimer's Disease (AD) [12] and the second related to seizures associated to toxoplasma infection [13] .
The deposition of β-amyloid plaques in the cortex and hippocampus of mice reduced markedly in those with AD and infected with T. gondii when compared to the control ones. Mice inoculated with T. gondii, developed higher anti-inflammatory cytokine levels when compared to negative control, even when inflammatory mediators remain unchanged and between de tests it was possible to detect delayed cognitive abilities in uninfected rats compared to infected mice, demonstrating the pathogenesis of immunosuppression induced by T. gondii infection as a protective factor for AD [12] .
The correlation between the occurrence of T. gondii infection and the progression of AD was also reported as neglected in a case-control serological study with 75 patients and 75 healthy volunteers [14] . However, through the experimental inoculation of T. gondii in wild mice, it was verified that the disease can induce advanced AD signs such as olfactory reduction, anxiety, spatial memory loss, and lack of social recognition, and that could lead to AD in some individuals with underlying health problems [15] .
Thus, there is strong evidence that T. gondii infection is associated with AD, however, the divergence between the results reported in the literature, requires further studies to conclude how this association is established.
Convulsive episodes in toxoplasmosis are reported in immunocompromised adults [16] , immunocompetent teens [17] , and newborns [18] , showing that the disease is common to several types of individuals.
When the available reports with this variable were analyzed, it was estimated that risk of developing epilepsy was 2.25 times higher in patients with toxoplasmosis and a lack of research on convulsions in individuals infected by T. gondii [19] was demonstrated. Thus, the second article describing an experimental study with a neurological approach on toxoplasmosis contributes to the establishment of new knowledge about pathogenic mechanisms of this infection.
The article reported differences obtained by a study with the distribution of excitatory glutamatergic presynaptic proteins in healthy and T. gondii infected mice and indicated the loss of synaptic terminals in infected mice with seizures. The response to drug-induced convulsions against different strains of T. gondii was detected [13] .
Through this integrative literature review, despite the limitations of articles selected by this methodology, it was possible to corroborate that ocular, hearing and neurodevelopmental impairment are the major health problems associated to congenital toxoplasmosis, and to demonstrate the recent reports associated with these disease. Journal of Community Medicine To determine the effect of the immunosuppression induced by T. gondii infection on the pathogenesis and progression of Alzheimer's Disease (AD) in Tg2576 AD mice.
Whereas the level of IFN-c was unchanged, the levels of anti-inflammatory cytokines were significantly higher in T. gondii-infected mice than in uninfected mice. Nitrite production from primary cultured brain microglial cells was reduced by the addition of T. gondiilysate antigen. The b-amyloid plaque deposition in the cortex and hippocampus of mouse brains was remarkably lower in T. gondii-infected AD mice than in uninfected controls. There are retarded cognitive capacities in uninfected mice as compared with infected mice.
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Otopathology in Congenital Toxoplasmosis
To describe the temporal bone histopathology in children with congenital toxoplasmosis.
Three of nine (33%) of the subjects presented parasites in the temporal bone. The organism was identified in the internal auditory canal, the spiral ligament, stria vascularis and saccular macula. The cystic form of the parasite was not associated with the inflammatory response seen in the active tachyzoite form. The hearing loss of toxoplasmosis is likely the result of a postnatal inflammatory response to the tachyzoite form of T. gondii. 
Causes of visual impairment in patients with ocular toxoplasmosis
To report the causes of visual impairment in patients with the classic clinical presentation of Ocular Toxoplasmosis (OT).
The mean age of the five (62.5%) women and three (37.5%) men was 25.7±7.6 years. In this study, visual impairment in majority of the patients was found to be related to vitreous cells and flare. Dense vitritis on macula scans and visual impairment were seen in the patients who had an active lesion closer to the fovea. SOCT may provide objective data of the cellular load of the eyes with posterior segment inflammation. Characteristics of the included studies in the integrated literature review on neurological manifestations associated to congenital toxoplasmosis, according to the year of publication, first author, article's title, aim and major results, 2018.
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